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The tester plants in part II of table 19 were also used to det-rmine

if the uniformly pigmented plants derived from unifor 1y pigmented kernels

appe ring on ears ' m-1 N
/produced by croasses of mlants corrying the 4720 state of al (see table

PR ™
18 for seloctions) carried a stable rutant of state 5FBB that would not

respond to Spmyin any manner, These nlants had Q»Q : ! state
o e liug ,j
‘ 5720¥@5971 and Sh2 in one chrorosome 3 and al}sh2 in the homologue,
A i}

%!

If Spm were also present in them, to which the mutant w=s not res-onding,

then 1ts presence would be elesmdy revealed by the aprncarance of variegnted
almyl(state 5719A-1), ~
kernels within the/shp carrring kxxmeksxmm class on ears produced by

.
0( Wf Wi

crosses with the tester vlants in part Il of table 19, This tvve of test,

A

as well as some others that will be described later, indiciated the stability
Aasen O padlud®
e ~

of the muisants derived from state 5720)for some of the plants carexing them
A

Cas ‘;.J,HQ
also kred Spm,
A

The tester plants in Part III of table 19 were particularly useful

for inteoducing the Spm element(s) in them into k rnels on e-rs produced
Cono

by plants that were derived Trom pale, Shy kermeds.in table 18, ‘his was

especlally imrortant when the state of a-™?' in them was not 5719A-1.

Al Cosgipa Vo Tie Wil % Aowtn 0w B 1Tl Lo WLy

In all crosses of this type, the statc of a™ carried in the plant being
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tested would respond to the Spm delivered to the endosvem by the
t ster plant. Ir the plant being tested was alm'l (any state but

5719A-1) sh,/ a; sh, in constitution, the diffcrence in variegatien

v L(PGI—U‘A AN 4()Lfﬁi( 4L

pattzrn im the Sh clags of ksrnels when commrred i th that in the sh
A

2 ) 2
class was always evident and this was strikinily so when the plant being

]
oo . ~ie X N 7-'... P ] N
{:’»“"" S lft’« \ g ‘,,.‘,. Fev o ‘{""JJ, i/ 0ot {‘,‘y}

tested had either state 5700A or state 5996-4, This was anoth=r tkst
A

thet confirmed the unioue resvonse of each state of aq to any one Spm .

element, 1t was also important for demonstrating the relation of

m-1
response of the al state in the plant being tested to the particular
n owe (Laut)
Spm constitution in the tester plant.”™ R &ke Spm wer: linked wi th a knowm
Qumau g

gene marker (Y Spm / y ¢ in vlant 6666E, table 19), the kernels on ears
/‘

A

oL
produced when its vnollen was used to make e cross saewed linkage of

woh et pole Cottued tlaro T g W 240

the variegated class of ke=nels wibh--thda-moriter dn all ears vhere the

L A gy
constitution wibh—resﬁee$—$0—$§iﬂ:ﬁaaker &? tne vlant being tested weuikd
adt—tis—bo—e —mrnesscd, A&aﬁ,:}he ratio of v rlegated to paele kernels

v s Tasd g N mel e
the Sh, keoxmads an< the ajy carrying sh2 kerneds reflected the
A s g

number of Spm elements that were present in the tester plant (1 Spm
whte 3

in rlants 66668, 66718, 66T73F and 6690 and ot lesst 3 in plant 5680D),
) A

Plants derived from the uniformly pale colored kernels in table 18
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developed anthocvanin pigment taet wes weaker in intensity than that
A

AV
R
produced when Al is present, Among tthplants derived from =B

variegated kernels, two distinctly different types of pigmented areas

A4

appecred in a non-pigmented background, Cne tzoe £

anthocyanin pigment resembling that which is produced when Al is present,

and the size of these areas in whilch this »igment was rresent was nearly

71 the state of aj™l in the plant was 5718, 5719A-1, 5719A-2 or 5999, but

they could be large if the state were 57004, 5996-l,0r the original one,
always small, being no more than a short streak, ¥ The other e wes

Jw/'ﬁ&

cummosed=ef pigment whose type and intensity was that wiich the state of
Ntles Dol Wie

a produced in the absence of Spm, Teawe ﬁreas covld be of any size
1 A 4 ?
from one that included a large part of a plant to small ones that aprcared

as fine strraks, The number and the average size of these areas in a

plant was corrclated with the number of Som elements that were present in

it: the higher the numbor, the fewer were these aress, and the smaller

. . oo, M=l . .
produced only by mutation occurring to the aq % in-them, wiereas if one
i 5y
°¢ VoL &,Lml
Spm were present, the verlegated pattern was a composite of the two
A

types of vpignmented areas, the nale areas and the arens vroduced by rmatation

Mo -
of ay l. 1t wes lenrned later that the pale pirmented aress ap aring

L
evurg ovne o Lwo )
in plants u&ihdélw Spm numbers 3

,Q;{ : {[ijrg

-beeeunse—ef locs of the Spm
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from some nuclel during development as a consequence of transnositirn or

frow effectiveness _
&b loss o its mmkiwkky as a consequence of its inactivation, 1 only
“&M’OQQUAIJQMnQ.GQs gl o
one Snm were present, either of theseﬂevents ogourine—to—fhe -Seom-etement Iin
/( A

a nucleus would result in the arpearance of pale pigment in its progeny
cells, If two or more Spm elements were precent in a nucleus, then an
event rmust occur to each of them at ones time, or a succession of such

svents must occur, first tc one Spm element and then to the cother, in

] LRy

order that a nucleus arise in which there is no Spm activity.

patterng of varieg ticn exhibited both by kernel (see mase 00 ) and by sl

0 L<‘,U\Cl/‘.f\- ‘4 £ ’\'lT
plant may be strikingly different dependlnc vpcen the Spm numJe?Ain thelr

e e e T - . ¢ ) -

- B LG ({ :
nuclei, However, this relationship #s not an absolute cne, fmr ¥t also -
. A -\ :

depends both upon the time during develorment when these events occur)and i

[

the frequency of their occurrence at any one time, and this is a property

of the isolate of “pm present in a kernel or a plant. Sprt elerents udder-
go change in stote thot alter these properties and discussion of this
SRR IV

S T

will be given in sectlons devoted to tronsposition of Spm and to its
X

inactivation, For this reascn, not all kornels and plants havine one

3 .
‘4",”& o) ' I

Spm element in them m=y exhibit a:high-

pale

UURRR r‘/af:

i

areocs, The Spr1 elerient in them may not be sa@éegv—$o f“equﬂrtl" occurring -

;"/

modification of the tyrnes described, TR e e

[ R



105

A0 arndk 4 ritier dg

Discussion of #=s tests of 3Svm conducted during the summ r of 195k

)

will commence with progeny of plants In culture 6529A (table 5) whose

- olrd
constitutions were alm 1 (state 5719A-1) Sh2 / ay sh2 and considered to
A

t ]mul
be ¥ Spm / v +. The sil¥s of the ears of plants in 6629A had received

;'\

pollen from plants of the standard test:-r stocks, homozygous for a_, sh

wpnslodbed o fudued s °

and y. Seleeted Xor nels a= two of the ea-s ef plants 6629A~1 and p;aa%

WQM&\ o) bhouuls otoahoel Gu ol
6628A-7 and Q@Pﬁ%a exr of plants 6629A-l, 5529A-6, and 6629A-9, wese
. o~

o ndapm W 400
sown 1Table 183, The nhenotype of some kernels on the ear of the tiller
Val A

of plant 6629A-7 were aberrant, Plants derived from selected kernels

on this ecr were grown under culture number 6675, and thests of them will
be considered senarctely fedlevi-ngdisewssiton—of Those conducted with

U pEr £
progeny derived from the five other ecrs grown under culture numbers

A
6665, 6666, 6670, 6673 and 667l.

In table 20 is given the number of ~lants in each of the above five
cultures that were derived from kenels with yellow (Y) or white (y)
endosperms among th#pale Sh2, the variegated Sh2, and the colorless, sh
classes of kernels on.the sarent ears, In addition, one plant was grown

from a variegated, sh,, ¥ kernel in culture 6666, Four other plants

were grown from kernels whose phenotipes differe¢d from otasrs on the
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Toh B oekormne

parent ears, as described in the footnote of table 20. TFThe naturs of

along i th o

the modificntion r sponsibls for them will be considered later KHEXR tests

o2 other nlants derived from similar tpes of kornels.arexRizgpsxedsx

Tube 20,

All 61 vlants deriv ed fromn tnqp ale, Shp class of keﬁnels were

wan tht @ag a2l buX Lo ATy than Vat Of s Wireu Ry w J: eureld

uniformly p¢gmented‘ané'%he type of p1gmenE«was—%h&%#pfe&uce&—wheﬁ—Spm

is—sbesent, Among the 66 ~lants derived from the variegated kcrnels, all
were variegated except one, This exceptiocnal nlent was unifornly
pigmented and the type and distribution of :igment was the seme as that

in plants derived from the péle class of ke nels, Tests conducted with
this »nlant gave no evidence of the presence of Spom in it, it was Jearned

subsecuently that loss of Spm from a nucleus, either during development of

the fermale gametophyte or during verv early embryo development, will give
_ S
rice to a ke nel whose endosperm and embryo differ in constitution, and
A

ases of this will be considered 1ﬁ the sectlonfdevoted to tran5ﬁ051t10n.

y . " Y, o

San, Ay ?u} fuu T R, AR Ly OLLEL g Y o, O bl 1, e JM ‘?‘b’f‘: ARy & Pﬁ(
q ’,! Y Yz ‘a pw,u&-c-n iyt LA'il‘l{’f/U’ np\'tlf%ysw_cuq e e -?(a’_) A ppadieat »quw,;; ub&/ -, ’
P#ﬁ%ﬁ%ﬂx Tesuu conductod with ¥x® plants entered in table 20 were both s

o

numerous and varied in type, Crossns were made with plants hoving the
P
following constitutions: the standard tester .tocks, homo”“rous for ay and &
I
<t
the locoien M LA Mug E
sh2, / three different tfn:s~of tester nlants  whose constitutions are e

given in table 19, and with other plants he ving states of alnhl not
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T RO
entered in table 19, The tes.s conducted with each vlant will not be
listed but in order to illustrate the scope of sﬁgh tests, those cmmducted
A 'gﬁz \~11d79 di il \4e»u an \ul,eémuﬂ,A. AR
with each ef=tie plantf in culture:c 6665 and 6666 are given in tables 21 and
fj “‘“-f AT :.“Iﬂt{s/ g el .>i;-’i; &[f’icu 4 Il -
22, AsmihéigﬁzﬁdmpreXlnuslyT»theﬂeu?&an%s~were*derivedvfrcm-select’d
A

kernels on the main ear and on the tiller ear of vlant 6629A-1 (see table

[

5 for kernel tywes on each of these ears). Including the many ears obtaine
from crosses conducted with plant 66668, whose constitution is given in

table 19, over 190 ears were produced from test crosses conducted with the
LEel tuug beés

plants in these twe culturecs. Because transposition of “pm may occur in
A

scme cells during development of a planty and result in loss of Spm or

in change in its number in some somatic nuclei, the ko nel tvpes on each
0, N0

eapﬂaad the ratio of types)had To be consid:sred with this possibility in

mind. “evevtheless, on many ears produced by onc type of test.crossg,

both the phenotynes of kernels and the ratios of these were often much

A \‘,kkf’ Wfiw , b

alike, Theﬁefore,xdata obtained from such ecrs meny be surmed, On

gome ears, however, the ratio of phenotypes did not agree with that given

by the majority of ears and the cases where thils was ncted will be

a2 you Lyl o,
indicated &= dev1at10nkoften proved to be of considerable significance 1
Wt’i’\bﬁms ovin A ALl 'z,mu\dmc, ¢ TR M Qit:u,{;- m MY g

There were two ObJeCthCS for meking the test-crosses entered in
A
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parts I and IT of +table 21, One was to establish whether or not Spm

m-1

vwere present in a plant}and the second was to determine if the 8

in the plants not having Spm weuwlkd—be capable of responding to it,
If Spm were absent, no voricgated kernels should aprear on any of the

eight ears produced by the test-cross wits the standard stofck that was

the first line of
homoczrgous for a7 and sh2, and as shown in sakwmmxxz{ table 23, none

anpe red. Also, if these plants are crossed by plants of tester type I

or II, table 19, no viriegated kovrnels shoulg avperr on any of the
resvlting enrs, and as lines 2 and . of t2ble 23 indic;te, none acreared,
dowever, if tester plants of tyre III, table 19, are used in cross-s with
these ~lants, then some variegated kernels in the Sh2 classes should appear
if the alm”l in these plants is capable of responding to Spm, These

kernels should have pigmented areas in a colorless background., The
e " ‘:"é\:

Spm delivered by the male parent nlant to the endosnerms of kefnéls on

»
K

-1 o il
the ear of the tested plant could allow the ay in theséllabt~r—pramts

g Lot g 10 DUsR -
' To exhibit its mode of reasdden to thepressmos—of “pm, The ratio of

pale to variegated k rnels in the Sh, class would depend¢ upong the Spm
constitution of the tester plant, In all of the many crosses to pale-?@w&u
Crodg, fodls o) N\ CaLuoph QDT Ton ke
m-1
plants conducted with plant 6690, and wily all stotes of aq s a ratio
r A //I
W Q{mu&xp ( oef

of approximately 1 nale to 1 variegated kernel anne-red An each ear U“%éi
I J I A g DY 1
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line 5 of table 23 skews, tils ratio appescred in the Sh2 lass of ko neley
oopThieet WA

(Tod 3,%01a) . .
Tester plant 668ODAalso was used in crosses to many vnlants with the pale
M o4, WQL;,&\ 1 L R bt cu¥ cd,
N 1/ 4l 3 ! > t a 3 1
phenotyne and/*&ose—w&%h different states of al “lae;udai4§m%¥54#wmh

On all ears so produced, nearly all the Shy, carrving kernels weie
variegated -- plgmented areas in a colorless background., The data
obtained from the cross of this plant to plant 6665B-5, line 6, table 23,
is an illustration of tais. Thdpollen of plant 6666E, mxikmhxwazsx¥tx
|
was used on silks of ears of three of the pale, y/y plants in part II of
toble 21, Its pollen likewise was placed on the silks of ears of many other
vlants with a pale phenotipe and on all e=zrs a ratio approximateing 1 pale
to 1 variegated keornelg anveured, When the plants being te=sted were
¥/¥y in ccnst tution, linkage of the variegated class with L and the pale
class with ¥y was alwavs expressed among the kernels on an ear, I
Wy \ Tat Qo
coudd-be concluded that plant 6666E carried on Spm and & was located in
£

its ¥ ®earing chromosome 6, Among the Sh, kevnels on each of the three

i ty fu_\ I ({3
ears contributing to the data entered in line 7 of table 23, this likewise

Among
was exiibited, J¥ the 13 kornels in the pale)ShZ class, 160 were Y and

253 were Y, Among the 3054 Sh2 kernels in the voriegated clzss, 186 wers Y

and 120 were Yy,
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It is now necessary to show thaﬁ the almFl in each of the tester
plants of tywe I, table 19, is capable of responding to the presence of
Spni. The capacity of the al‘- in each of these plants to respond to
Spm was strikingly illustratcd by the phenotypes of kernels appecring on
ears of vlants derived from the colorless, sh2 classes of kornels, table 20,,

when pollen from a tester plant of Type I was placed on the gilks of az»

er of these plantse. The-scrosses—mede—with-oach such planb-in ouilbures

6665 and-6b&b-are—entared In Table 22. Although it could be assumed in

dibacod fron

advance that no evidence of Spm would be detseted -in test-crosses
conducted with the pale pigmented vlants in parts I and II of table 21,

anﬂthat evidence of its presence would be obitai:ed from tests conducted

i },"v’ H
with the variepated plants, entsred in parts III and IV of teble &, no such
¥ A

assumptions couvld bémade with regard to any one plant derived from the

m-1
colorless, sh2 kernels, They do no have aq and no anthocyanin

develops in either ke nel or nlant, Ly would be expected, however, that

Spm would be present in some of them but abscnt in others. Since, in
Wns g s v Y il ovdosd w Wby 2o,
\ \ plant;ééggﬁéla Spm was o nsidered to be located in the Y-bearines chrcmosome
6, i1t could be anticipated that Spm would be present in more plants
(:/Etj(ilf‘.{ih_i-b i I.;, bl M ﬂd-l‘uj\ Lo rjﬂﬁt,v,'f;) ; ‘(’/.?l +

derived from the ¥ class of kernels than ’n those derived from the N
A,
. A A
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Tests of plants derived from the colorless, sh, classes of kernels

were considered to be of first importance for verification of the mode

»""( ’)jl‘é nud A,,“\\'-!U-

of action of Spm and the respnnse of each state of a g to £, The:efore,
A L A

many tests wore conducted with these plants, not only with those in cultures
6665 and 6666, entered in table 22, but also with all nlants derived from
the colorless class of kernels that are entered in table 18, The
evidence obtained from tests conducted with them bears directlv on that
already discussed, and also on that obtained from tests of plants entered
in parts III and IV of table 21, not yet discussed, For this reason,
the tests conduct<d with plants derived from the colorless, shy kernels
in cultur s 6665 and 6666 will be considered now,

An attempt was made to test each of the 31 plants derived from the

g Q

colorless, sha‘Y cless of kernels and fromﬁthe 25 plants derived 'rom the
colorless, shzyy class of kerinels 1n cultures 6665 and 6666 (table 20).
This was successfullly accomplished with 30 of the former and with 2l of
the lattor, The types of test conducted with each »nlant are entered in

table 22, The plants in this table are placed under four sub-headings:

tha&'ﬂnﬁ:vmre Y/y and in which Spm was found to be present (port I) or
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absent (Bart II) and those that were y/y and having Spm (part III) or in
which Spm was found to be absent (part IV), The first ear of the main
stalk of these plants received pollen from one of the Tygpe I tester vlants

entcred in part I of table 19, The majority of the Y/y plants rmmmiwms
%ThwtﬁﬁV
were crossed by vlants in culture 6638A  All plants in culture 556384

Mme1 . .
were homozygous for state 5718 aq s for Sh2 and also for the recessives,

Y, Pr, and wx, None of them had Spm, as the many tests conducted with
each soon illustrated, Similar tests, ecually extensive, were conducted

with the vlants in culture 66l1, whose constitutions are sntered in lines
Bach plant was homo: voous for state 571QA 1 alm'l and none of them had Spm,

2 and 3 of t:uble 19, / Pollen collected from plants in this culture was
placed on silks of the first ear of th: waln stalk of some of the vlants
entered in t=ble 22, Also, as this table shows, pollen collected from
m-1

pale-pigmented nlants having other states of al (states 5T719A-2,
5700A, S571UF, and 5996-l) was axse used on silks of other ears of some of
these nlants,

As table 22 indicates, with somé?lants, more than cone esr per plant

. n\‘tf\l‘;‘ :":' e i l{” ‘f"f‘: P~
was used In making a test cross, and the vollen parentg differed with

DR

respect to the state of a 1 p%esent»inﬁthamc The purwose of this

1
multiple test of a single nlant is evident, If no Spm were prusont in the

plant, then no variegated kernels should anp ar on any ear it produces.
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If, Yowever, Spm were present, then variegated k'rnels could be expected to
appecr on each err &nd the pattern of pigmented spots in a colorless
background among all of them on any one ears should be simllar, -- that

Tle
controlled by the particular state of al * that was introduced by the

pollen parent, This expectation is based on the interpretation

m-1
previously outlined of the individual response of each state of aq to

any one Spm, Another relationship could also be anticip:-ted to anpeor

among the k rnels on these ears, 1t could be expect d that in the »lanis

£

derived from the colorless, shp, Y}kernels, Spm would be present in somg}and
in most of them it would he carried in the * bearing chromosone 6. Thus,
on ears of these plants, linkage of the vari-gated class of kernels with

Y and the pale class with y could be anticivated, regardless of which state

m-1 . .
of aq the pellen wm rent had introduced, The expectations outlined

above were fulfilled in tests of plants in cultures (5665 and 6666, and

also, it may be added, in many tests of similer twpe thet were conducted
. LUES s TP RUTRRILY L
with plants in other cultures,

A

As stated earli-r, the vlants in takbtle 22 are sorted into four

groups according to their constitutions with respect to the 2lleless of ¥

and to the presence or absence of Spm in them, based on resulte obtsined

from the above described tests of each, Un none of the ears produced



by plants entered in pirts II and IV of this toble did varicgated
k:rnels anvwenr, Unlv the pale pignmonted class of kornels anvcared, and

on each ear, the nigment in these kornels was ®R the tyne that is

m-1

charactoristically produced in the abssnce of Spm by the state of aq

introduced by the pollen parent, In controst, on all ecrs produced fohs
the plants entered in ports I and III of table 22, varicgated as well as
pale-colored kernels cppeared, On any one ecr, the type of expression
of variegrtion among all kernels exhibiting it was the same, Similarly,

the pattorn of variegation app:aring among the variegat d kornels on »

- ,
\\(&;}A’)\ cd =y Brgan
ﬁ,difforent ears was the same _provided that the pollen parent in egehr-ease
A ' A
m-1 '

had i troduced the sume state of aj .
The ratio of variegated to ?&16 colored kernels on these ears also was

insbructive, fo? £ indidcated the Spm number in each tested plant,. The

ratio of these two classes of kernels on ears produced by the test crosses
conduct d with the 15 plants entcred in pert I of table 22 are given in
table 2l, It may be seen that on the ears produced by 12 of these 15
plants, one Spm was present and 1t was csrried in the ¥ bearing chromcsome

(Part I, table 2l) ~

in each plant{ On the eas produced by vlant $666G-li, part II, trble 2l,
the data were too few to indicate with certainty linkage of Spm with Y

they are
altnough ¥EXEE® suggestive of this, However, the test-cross conducted



with plants 64665G-16 and 6665G-21, Part III of table 2ii, did not give

geed evidence of linkare of Svm with Y, In order to be-eextain of the

locaticn of Spm in these two plants, tests were conducted the following
vear with plents drrived from the variegated, Y class of kovnels on ezch

of these ears, Tests of the progeny of plant 6665G-21 showed thot the

Spm in it was not linked with Y. Similsr tests conducted withr the nrogeny
o' plent 6665G-16 suggested thot the Spm in this plant was still e-rried

in chrowsome 6 but at a location farther removed frorm ¥ than in the

i
si

oo
varent plant, 6629A-1,and in ster plants entecred in part I of table 2,

A

Amonf, the 2l tested plants derived from the colo:less, sh, ¥ k rnels
2;

parts IIT andilV, table 22, only 6 had Spm, One test cross ear per

et

o]

lent was obtained from 3 of these 6 plants and 2 test cross ears were
A

obtailned from the remairing 3, The ty~es of crosses ¢ nducted witn thecse

plants are shown in part III of table 22 and the ratio of pale to variegated.
P p g

among those that carried almp%i
kernels/on each ear is given in table 25, The ratio c¢f pale colored

to variegated kernels on each of the 9 ears obtained from tesss of these

six plants indicat~d the presence of one Spm in all six of them to which
m-1

stotes 5718, 5719A-1, 5719A-2 and 5996-L of a, responded, each in its

own manner,

of plants
The tests/derived from the colorless, sh.z_classes of kernels
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entered in table 22 clierly expressed the effectiveness of the test

methodg for revealing Spm constitutions in these plants and for demonstratin-
o asos . , m-1 o

the individuality of response of each state of ay to the Spm that was

present in any one plant, With this in mind, consideration mav now be

given to tests conduct: d with the sister plants that were derived from

test
the variegnted, Sho, kernels, The/crosses that were conducted with each

of them are entered in parts III and IV of t-ble 21, Those conducted

with Xh® plants derived from the variegated, Sh2, Y class cf kernels,

part III of table 21,
/ witl be considered £i’st,

Of the 17 tested plants in part III of table 21, 15 had one Spm
;wwﬁleﬁqﬂ(mﬁiwmﬁmduemruﬁq'ﬂwﬂlﬁuan%%ﬂNﬁ@f o thee ) it

and it was carried in the Y bearing chroiosome 6 in ec ch ﬂ@he—p;ea%s
A

in-eultures—-6655 and-6666 - indicated
/h&jU4¥%;&4;s_cgas%t%ﬁtICﬁ'afe~§nzxxxﬁﬁ;nncgiumawa"nf -table-- 21 The

kernel types on the test.c ross ears produced by these plants are given in

ratio of kernel types on the _6666C-1
table 26, The/one ear obtained from plant-did not give evidence of

iy {wii‘«’(% G A
lirkage of Spm with Y. rlowever, tests ¢ nductod with plants derived

from the variegated, Shp, Y kernels on this ear indicated that the Spm
in it was carried in the ¥ bearing chromosome 6, in—thés-plant, Similarly,

the ratio of kernel ty-es on the first car of plant 6666C-2, part II,
ﬁﬁiw&ﬁ%“ﬁsf%«

table 26, did not give evidence of lirkage of % m with ¥ whereas the tiller
A

ear of this plant, part I, table 26, clearly indicated such linkage,
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Therefore, tests were conducted whe following year with plants derived
from the variegated, Y kernels on thé ear of the main stalk of this
plant and these established the presence of Spm in the Y bearing chromosame

dygy&d% 3:uﬁ10>@fdwzﬂih
6 iIn plant 6662C-2, The ratioc of keinel tyves on the two test-cross

4
ears obtained from plant 66653-10, part I, table 26, differed from that
appearing on all other ears, There were 103 pale.colored, Sh2 kernels
of which Ij5 were Y and 58 were y, and 23l variegated Sh, kernels of which
119 were Y and 115 were Y, Obviously, the Spm in this plant was not
linked with Y, Two Spm elements could be present in it or one Spm element,
could be present and carried in the chromosome 3 with alm~1. In order
to determine the Spm constitution in this plant, tests were conducked the
following yeur with plants derived from the variegated kernels on esch of

Welo

the two enrs of plant 6665E-10 and these established the Svm constitution
A

of this plant, It had 2 Spm element, neither of wsiich was linked with Y
por with almPl.

The ratio of kernel types appearing on the two test-cross ears of
plant 6666€-7 were abberant (parts I and II, table 26). Both ears were

partially stcrile and the number of kernels on each were few, Tests

conducted with 5 plants derived from seme—ei ke variegated k rnels on the

ear entered in part II of this table indicated thot a burst of transtositiony
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of Spm mmst have occured late in developrient of this plant, One plant
was Y Spm/y +, another had 2 Spm elements, one of which was linked W th ¥,
a third had 1 Spm element linked with Pr in chromosome 5, a fourth had

1 Spm element linked with Wx in chromosome 9 and the fifth had 1 Spm
Also,

element, not linked with any of these markers, / The factor resvonsible

for sterility was not transmittéd to any one of these offspring. It is

however, originally
probable,/that Spm was/carried in the Y beoring chromosome 6 of plant

ot
: ) ! \ d-&‘ﬂ ‘4)'0 Er
66660-7, tn ue bnhsd woth \ wn Guo ot £ 4PJW<§&‘3PQ“‘
One Spm was present in each of the 6 nlants in part IV of table 21,

On each test cross ear, a ratio of ondpale-colored kernel to one variegated

m-1

kornel appearped among, those having al

in them, as table 27 indicates,
The test crosses conductod wit: plant 6666E, part V, table 21, were

numerous, as mentiocned e rlier. It was quite evident from them that the

-

Spm in it was carried in the Y bearing chromosome 6 and evidence of this
was given on page 00, Pollen was collected from the main stalk of this

plant and from each of i1ts three tillers, Tests conductcd with all four

parts of thils nlant indicated that the Spm in each was carried in the
" .

Y bearing chromosome 6,

Altogether, 93 of the 106 plan@@ in the progeny of vlant 6£29A-1

thet were grown in the surmer of 195l under cultu e numbcors 6665 and 46666
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were tested for kkmix Spr congtitution. Table 28 surmarizes the Srm
constituticns and locaticns in the plants as det: rmined by the test of
each)given in detail in the preceding pages, Similar tyves of tests

were conducted with vlants in culbtures 6670, 6673, and 6674, table 20,
derived from selected kornels on ears produced by other Y Spm/y + plants

in culture 6629A, The results obtained from them were so similar to those
already described that a detailed description of the type of test

conductcd with each plant need not be given here, No Spm was found to

be present in the pale pigmented plants derived {rom the pale colored

Tl B Laame W{ Oup fut el o Ve Loy
kernels, However, in all cases where Spm was delivere@Aby neans of &

Yo ;
cross’ condiicted with a nlant of tester type III, table 19, the a

Lodh

in teewd ndeepss was found to-be—eapable—ef respondieng to the Spnm

m-1
1

delivered by the tester vlant, #&n Spm etement was found to be present in
all varieg ted plants derived from variegated kernels, In most of them,
one Spm was present and in the majority of these derived from the { class

of kernels, it was linked with Y. In geveral plants, howevcr, the Spm

W morkar

element in them did not give evidence of linkege with‘x.

Tests ol the plants derived from the colorless, sh, classes of kornels
£
were as extensive for gultures 64670, 6673 and 667L as for 6665x‘and 6666,
A ‘

just described, Here, also, it was fou d that when Spm was vresent in
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in any one of them, it was capable of acting upon any state of alm-l and
each state, in turn, responded to it in its own individual manner, The
tests conducted with these plants may be summarized briefly. Of the
59 plants derived from the colorless, shy, ¥ class of k rnels in table 20,
one
56 were successfully tested, In 32 of them,/Spm was present &hd it was
carried in the Y chromosome in 30 of theme plants, The Spm in 2 vplants
ddd not show evidence of linkare w'th Y, Of the 63 plants derived from
the colorless, sh2, y kernels, 60 were successfully tested for Spm,
It was present in only 17 of these plants and one Spm was present in each.,
The percent recombination between Y and Spm in the parent plants was
35¢3. This same percent of reccmbin tion avpe-red dn the test cross
ears of the medestiz of the progeny plants that were Y Spm/ y + in
constituticn, as table 29 illustrates, Bars on which the ratio was
s Wydo
exceptionalz\as described earlier, were excluded from the .able,
The tests outlined in this section serve to illustrate the manncr
of examiring Spm constitutions in plants and the effect that any one Spm
will exert on any one state of alm’l. Many ofthe tet s included crosses

. AR -
between plants carrying dirfe ent states of aq 1 as well as crossecs %o

plants that were homozygous for ay, either with or without Spm in them,

| o . . . . :
Plgure 1 is constructed to illustrate the kyxxEzxmf combinetions of states
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that were made and photo., 00 illustrates the types of kernels appecring

ol
on an ear following such g cross, Plants were grown from some of the
A

.

mariegoted kernels in w ich two different stotes were present, one in
Some of the
each chrowosone 3, /Pests of them were made by crosses with plancs
homozygous for a; and having nc Spm in order to investigate the segregation
of the two states to.the Progeny., Each state segregated from the other
Rmkax in the expected manner as if each were a distinct allele of the
other, Photo., 000 of an enr produced by a cross of a plant carrying
state 5T700A and Sh, in oné chromosone 3 and state 5719A-2 and Sh2 in the
homologue chromosome by one that was homozygous for ay and sh2 will
illustrate this. Again, if, in these »nlants Spm were linked with a
genetic mark.», this linkage was expressed in like manner by each state
among the kernels on the test cross ear, and a large number ol tests of

this tv~e were made in examining new loccations to which Sym hod been

troansposed,
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L2 4 m-1
(" TR4NSPOSITION OF SPM IN a; CUDTURES
. . /

N 7
] P"‘ , v -
Earyy in,#he,étudy of alm 1 it was realized that the inderendently
/
located} element’ln the system did not remain constant either in number
or in location in the chromosome complement. The first clear evidence
of this was given by the ratio of kernel types on earw of plants grown

in the summer of 1952 (table 3). At that time, transpowition of the

controlling elements Ds and Ac was known and it was considered possible

that the independently located controlling element in the alm'l cultures,

comp-rable to Ac, was also undergoing transposition. In order to

determine thiat change in location of this element was occurring, it was

*—,
necessary to examine its location in individual plants in the progeny =
P . ” a‘* \u.

(RIS SRR SAR N W f Ay
of those in which its number and location was known. This- had been

<

determined fer-—Spm in some of the plants of culture 6629 (tables 5 and

RO &
8). Therefore, e tests of the progeny of some—of the plants in

Wag OMxkfﬁﬁﬁm.&nfwuo P e -
thig-gultiture was conducted during the summer of 1954/ Those conducted
]

with the progeny of four of the Y Spm / y + plants in culture 6629 were

discussed in the preceeding section.” Xt was shown there that in the
Iy
ma jority of Spm carru¢lg brogeny prenss, on#ly 1l Spm was present,and
"? ( \ l'\\ VAN

3

that in the Y / v -plants, it was carried in chromosome 6 with Y and at
A

the same location, or certainly close to this, as in the parent plants.
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Yy

In a few plants, however, Spm was not linked with the Y marker, and in

OMQQwﬁuhuAAAxme weih Y W aowme Nl , ﬂ‘wambqiﬁzadtwihﬁ w;odhawaab

several of them, two Spm elements were present instead of one, 4 Some of

7y Y woubad ud s pogusy ey Pocellse wd

the cases wagiijsuch_mas—iound were
wCow)lW
CUJ% e

Mes$ of the examined plants whese—eeﬁe%t%ufrons—were—csgszﬂtteﬂ
in-—the—last gsection were derived from kernels on the testeross ears of
w twfy 0o, o
plgnxshentered in table 5. In addition, an ear of the tiller of one
of them, plant 6629A~4 that was Y Spm/y + in constitution, had been
self-pollinated. Plants derived from selected kernels on this war were

o vat caruce boh
examined for the Spm constitution in each. In the Y and Spm’eaxayéng

wula Alpect Tolw allefend § 2l To Spasn.
p+anis, the following constitutionﬁ\@ould be expected to appear:
(1) Y Spm/Y Spm, (2) Y Spm/y Spm, (3) Y Spm/ Y +, (4) Y Spm/y +, and
(5) Y +/ y Spm. Among‘the 18 examined progeny plants huving both
Y and Spm, 3 had constitution (1), 1 had constitution (2), 3 had
constitution (3), 7 had constitution (4), and 1 had constitution (5).
In the remaining 3 plants, other constitutions were found. All were
Y/y. One plant had two Spm elements, neither of which was linked with
an allele of Y. Another had two Spm elements, one of which was linked

with Y. The third plant had one Spm but it was not linked with either

Y or y.

If no changes in location or in action of Spm occur in plants having

two Spm elenefts at allelic positions in an homologouspair of chromosomes,
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then all gametes each plant produces should carry Spm. On the testcross
ears of these plants, all kernels would exhibit variegation. However,
changes do occur and the extent of this may be judged by the proport{on
of pale colored kernels that are randomly distributed over the ears they
produce. In the Spm/Spm plants, mentioned above, between 10 and 15
percent of the kernels on the testcross ears they produced were uniformly
pale colored instead of being variegated. These kernels represent casew
in which Spm had been altered, either in location or in action)in cells
-
of the parent plant. <wWYMNX (LY Vil o e @(

Examination of the progeny of individual plants of culture 6629

%O'LM M md\l \0];(‘!’0{'

confirmed the Spm constitutions that had been presumed ﬁ:an=$he kernel

e

types appearing on the testcross ears each produced. However, more was

M&owml)n weo oltniud
}ledrned-about this from tests conducted with their progeny,and this is

summarized in table 30. Spm apparently occupied the same position in

chromosome 6 in each of the 4 Y Spm/y + plants ( A-1, A-4, A-6, and A~7)
dpes

whose Yrogeny were examined. At this location Spm undergoes ssme change
A

both in location and in type of action, and cases ofthis—were—montioned
,%Kdr . mpwuuuQ

in_xhe_lasi_se£i1nn of this report. _ Howesxer, the frequency of ccourrense

v YL sy OfpuMA\UQMAQP“¢

of this is much less than that which occune—to—Ssm when—+t occuppies other
A

locB8tions in the chromosome complement, and %vidence of this will be

QAL

diseussed shortly.
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The types of testcross conducted with plants grown in the summer
of 1954, whose origins are given in table 18, were described in the
previous section. Yome of them were made to investigate® the behavior
of different states of alm-l whereas others were made to determine Spm
constitutions in the progeny of plants whose ©pm constitution had been
det-rmined. During the summer of 1955, many testcrosses were conductdd
flor the purpose of intestigating transposition of OSpm. This resuired
determining the presence or absence of Spm in each kernél on an ear
produced by a plant whose Spm constitution xx was REsxx®ERxto be determined.

1m—l that give

For this purpose, it was neceasary to use states of a
very REX cle rly defined patterns of mutant spots in the presence of Spm.
Therefore, the tester stocks that were used in the summer of 1955 were
homozygous for either state 5718 or for state 5719A-1. With each,
small spots of the Al type pigment appear in a colorless background when
Spm is present. In the absence of °pm, state 5718 gives only very
faintly pigmented kernels. For tests reguiring distinctions between

( wo Sew
the Pr and pr phenotypes in the pale class of kernelﬁlsester stocks
carrying state 5719A-1 usually were used. This was done because

kernels

in the absence of Spm, the intensity of pigment in tkExpakeExEkXzsx

is deép enough to allow distinctions to be made between the Pr and pr



124D

phenotypes. With state 5718, such distinctions are difficult because of
the faintness of pigment in them.

The state of alm_l in the plants tested was either 5719A-1 or
5718 unless otherwise stated. The use of these states was important
because the frequency of occurrence of gemminal mutation is very low for
each. However, occasionally a sector will appear on an ear of a plant
havying state 5719A-1 in which all of the kernels within it exhibit
the same mutant phenotype, indicating that a mutation to or toward Al
had occurred in a cell during development and that its progeny cells
were included in a sector on the ear. Such sectors on ears appear
only very rarely. In the tables given in this part of the report,
kernels having germinal mutations were not included. This was done
to allow the data to be presented in a simple form whereby the ratio of

the pale class of kernels (no Spm) to the variegated class (Spm present)

may be read rapidly. To be meaningful, inclusion of germinal mutations

m-1

in these tables would also require reference to the state of a4

that
was present in each plant, to whether or not it was homozygous for this

state or heterozygous with a, or whether state 5719A-¢ was present in

1,
few kernels with a

one chromosome 3 and state 5718 in the homologue. Since/germinal

i ond e Tewst 4 cabe,
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mutation appeared on the testcross ears, it was considered needless to
complication the presentation, both in the text and in the tableélby
detailed reference to the constitution of each plant with regard to the
state of alm_l it carried.

In the discussion that follows, the term "testcross" will be used
frequently. Unless otherwise state, it will refer to a cross made with
a plant whose Spm constitution is to be determined by one that is
homozygous for state 5718 or state 57194A-1 of alm_l, for Shz, and for
pr, ¥y, and wx, and in which no Spm is present.

The number of progeny tests that were made for the purpose of
examining Spm constitution inxﬁﬁiggg:llarge. in describing each of these
tests 1t will be necessary to refer to culture numbers under which &he
different progenies were gpown, and to plant numbers within a culture.

To lessen confusion that could arise from use of such numbers in the text,
a chart was prepared, figure 2, that gives the culture number of the plant
whose progeny was tested, the constitution of this plant, and the culture
number of its progeny along with the table number that illustrates the

Spm constitution in the plants of its progeny. Culture numbers of plant

grown in the summer of 1954 are entered in table 18, They run from

6638 to 67060. The culture numbers for the summer of 1955 run from
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6861 to 6900, Those for the summer of 1956, given in this section,

are few, being 7260, 7261, and 7285. Those for the summer of 1957

given in this section likewise are few. They run from 7330 to 7334.
Another point should be made clear at this time. In casidering

Spm number in a plant, it must be stated that it is not possible to

distinguish the presence of two or more “pm elements when these are

located very close to one another in a chromosome. “nerease in dose

of Spm does not effect change in mutation pattern given by the states of

alm-l that have been isolated. The same patt rn of this appears when

m-1

either one or more Spm elements are present. One state of a, allows

the different doses of Spm to be distinguished from each other but a

m-1
1 L]

state of this type was not isolated early in the study of a
Therefore, in this section, when a plant is stated to have one Spm, this
does not exclude the possibility that two or more Ppm elements were
present in one of its chromosomes but located so close to each other tg
that detection of this could not be made. The inheritance pattern

among the kernels on a testcross ear wo.ld be that of one Spm at eone

particular dbcation in the chromosome comolement,
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At times, mention will be made of sectors appearing on some ears
in which no Spm activity is given by any of the kernels within the
sector. Yometimes the boundaries of the sectors were cle-rly defined
and it was posg®ble to kmmwxjmx isolate all kernels within it. With
others, the kernel types on the pear would not allow the exact boundar%?s
to be determined. However, experience with the forms of sectors appear-
ing on ears allows one to project the boundaries of those sectors that are
not accurately defined by kernel phenotype. When such appeared, the

e

boundaryes wese drawn an ear EAX byﬁprojection$'and the kernels within

N2
the sector removed from the ear andA@oun%ed separately. Undoubtedly,
L
some errors were made in projecting the bound%ries)but the degree of
_ in
this could not have been great. inclusion/or exclusiij/of a few kernels
seriously diat was o

ifrom the sectoy Wbuld not/alter the ratio of kernel typesAon the rest of

the ear.
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As indicated in table 30, the two Spm elements in plant A-Qjand two

of the four “pm elements in plaht A-2 occupied positions in the Y bearing

(3
chromosome/in each, Evidence of this, derived from tests conductd with

the progeny of plant A-8, will be summarized.

Progeny Test 2, figure 2

fhe testcross ear of plant 6629A-8 had the kernel types entered in
table 5. The Spm constitution of 19 plants derived from the variegatedhg
class of kernels on this ear was determined in the manner described in the
previous section. Eleven of these plants were Y %EP/X + in constitution.
The other 8 plants had at least 2 Spm elements, each carried in the Y
bearing chro:iosome 6. The constitution of these plants will be symbolized
as Y Spm ng[X + +, Eleven plants derived from the Y class of colorless,
§h2 kernels also were examined. Spm was absent from one of them but
present in the other 10 plants. In 5 of thePle#bex 10 plants, one Spm
was present and it was carried in the Y bearing chromosome 6 in each
(¥ Spm/y +). In the other 5 plants, more than one Spm was present and
in all plants, each of them was located in the XL bearing chromosome 6
(Y Spm §Rp[i + +). In addition, thirteen plants derived from -the y
class of colorless, §b2 kernels were examined. In 9 of them, no Spm was
present. One Spm was present in 3 of the 4 plants having it (line 7,

table 31) and two Spm elements were present in the fourth plant (line 8,



